Current osteosynthesis systems for the hand generally recommend thicker plates for metacarpal than for phalangeal fractures. We report a prospective review of 20 hand fractures treated with a new plating system in which 0.6-mm-profile-height plates are used for both metacarpals (11 cases) and phalanges (9 cases). After a follow-up period ranging from 6 to 24 months, there were 8 excellent, 7 good, and 2 poor results (American Society for Surgery of the Hand criteria), with no incidence of plate failure. These outcomes were compared with a matched cohort of 20 similar fractures treated with the widely used Stryker-Leibinger system. We found no significant differences in ranges of motion or complications between the 2 groups. The new plating system was technically straightforward to use and equally effective. Use of the thinner microplates for metacarpal fractures was not associated with any untoward outcomes.
1. Any screw will fit any plate since the size of the screw head is fixed. 2. The screwdriver press-fits into screw heads without the need for a sleeve (Fig. 1 ). 3. All plates have the same thickness (height or profile) of 0.6 mm. 4. Cost-saving compared with the system currently in use.
Implants in both systems are composed of pure medicalgrade titanium, with self-tapping screws in 3 different colorcoded sizes.
We report a prospective review of 40 fractures, 20 of which were plated with a trial version of this new low-profile internal fixation system (Martin TM). A matched cohort of 20 fractures plated with the more established fixation system (Leibinger Micro Implants) acted as a control group. The aim of the study was to compare outcomes in the 2 plate-groups in terms of ranges of motion (ROM) and complications. Internal fixations performed for replantation cases or without the use of plates (such as lag screws alone) were not included in either study group.
MATERIALS AND METHODS
During the trial period lasting 18 months (December 2002 to May 2004), we plated 20 consecutive fractures using the new Martin system. The operations were performed by 2 consultant hand surgeons. We employ a dorsal approach for metacarpals and either a dorsal or midlateral approach for the phalanges, with extensor tendon retraction being preferred over splitting and repair. Thorough clearing of any soft-tissue interposition allows us accurate fracture reduction, further checked in 2 planes with per-operative image intensification. The plate best suited to the fracture configuration is then chosen and secured with at least 2 screws on either side of the fracture line. The rigidity of the construct is checked and a final 2-plane imaging performed to ensure the screws are of the correct length; if not, the screws are backed out and replaced. Whenever possible, the periosteum is preserved and later closed over the plates as a further layer between the metalwork and extensor apparatus (Fig. 2) . The soft tissues are then repaired and the skin is closed with fine monofilament, usually without drainage. A temporary volar splint is incorporated into the dressings, to be replaced by a custommade thermoplastic splint from day 2 onward.
All patients then receive consistent postoperative physiotherapy from the same integrated therapy service following a standard protocol. The hand is rested in elevation for 24 to 48 hours to control pain and swelling, and mobilized actively thereafter. Fracture union is monitored by serial radiographs during fortnightly follow-up visits. The decision to discharge is made by the operating consultant in conjunction with the therapist, when rehabilitation is complete or a definite plateau reached. This decision is based mainly on clinical grounds (absence of fracture tenderness and reduction of swelling) supplemented with radiology (see below). Clinical progress in terms of ROM and complications were recorded at each outpatient visit. The final outcome at discharge after any secondary surgery such as tenolysis/plate removal was tabulated.
At the end of the trial period, we reverted to our usual (Leibinger) osteosynthesis system, analyzing a further 20 consecutive fractures plated, and followed up in exactly the same manner. With the Leibinger system, we used 1.3-mmthick plates for metacarpals and 0.55-mm-thick plates for the phalanges, as recommended by the manufacturers.
Illustrative Cases
Case 1 was a 37-year-old woman who was assaulted by a meat cleaver and suffered dorsally compound fractures in both hands. On the right, her multiple metacarpal fractures ( Fig. 3A) were stabilized with 1.3-mm-profile Leibinger plates ( Fig. 3B and 3C ) and the overlying extensor tendons repaired. In addition, she required internal fixation of capitate, scaphoid, and radial styloid. Despite the initial development of reflex sympathetic dystrophy and stiffness, she persevered with physiotherapy and eventually achieved a good result when discharged at 10 months postinjury.
Case 2 was a 26-year-old store assistant who had a closed spiral fracture of his right fifth metacarpal after catching his hand in a closing door ( Fig. 4 ). Manipulation was unsuccessful, and ORIF was performed with a 0.6-mmprofile Martin Y-plate. Radiologic union was detectable at 5 FIGURE 2. Second metacarpal rotation osteotomy for scissoring following conservative treatment of fracture at another hospital: dorsal extensor retracting approach. Note the cutaneous sensory nerve crossing superficial to the extensor tendon. A, Leibinger system in use; the sleeve has had to be retracted in the final stages of screw tightening to allow visualization. B, Plate in position. C, Periosteal closure, which is often possible in acute fracture fixations as well. The redesigned Martin osteosynthesis system. Note the square cross-section screwdriver which press-fits into a corresponding slot in the screw head without the need for a sleeve.
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Microplates in Hand Fractures weeks (Fig. 4B ), and he was discharged at 15 weeks, having regained full motion without any complications. Case 3 was a 27-year-old male with a comminuted compound fracture of the shaft and base of his right index finger proximal phalanx as a result of a crush injury. This was restored with a 0.55-mm-profile Leibinger plate through a lateral approach ( Fig. 5 ), and an excellent ROM was achieved.
Case 4 was a 32-year-old laborer who received conservative treatment elsewhere for a closed fracture of the proximal phalanx of his right little finger. Check radiographs after 2 weeks were unsatisfactory, and he was then referred to us. ORIF was achieved with a 0.6-mm-profile Martin plate (Fig.  6 ), and again an excellent ROM was obtained.
Case 5 was a 23-year-old machine operator who injured his right middle finger with an electric saw and had a compound comminuted fracture of the middle phalanx with loss of volar skin ( Fig. 7 ). Following skeletal stabilization with a 0.55-mm-profile Leibinger plate, he required a digital nerve graft and a flow-through venous flap for combined arterial restoration and skin cover. He attained an excellent ROM after flap debulking, with only 10°extensor lag at the distal interphalangeal joint, and a full range at the other joints.
Case 6 was a 38-year-old male who caught his right hand in an electric lawnmower, resulting in multiple compound comminuted phalangeal fractures (Fig. 8A ). The mid-dle finger was beyond salvage and needed terminalization, while the other fingers needed ORIF (Fig. 8B ). The ring finger middle phalangeal comminuted fracture was treated Figure 5A . B, Lateral view.
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Annals of Plastic Surgery • Volume 57, Number 2, August 2006 with a Martin low-profile (0.6 mm) plate, while its bicondylar head fracture required further K-wires ( Fig. 8C ). He achieved a normal ROM at the proximal interphalangeal joint but was stiff at the distal interphalangeal joint; the overall result was rated as good.
RESULTS
Patient demographics and final outcomes for the 2 groups are depicted in Tables 1 and 2 . Forty fractures in 35 patients were plated (33 males and 2 females). The commonest etiology was crush injury, followed by fights. There were 20 metacarpal, 13 proximal phalangeal, and 7 middle phalangeal fractures. The average age was 36.1 years (range, 17-73 years). Of the 17 compound fractures, 4 needed additional soft tissue procedures (extensor tendon repair, 1 case; extensor tendon reconstruction, 1 case; skin cover by venous flow-through flap, 2 cases). There were 9 intra-articular fractures, and 3 cases needed primary bone grafting. For both groups, the ASSH TAF (American Society for Surgery of the Hand Total Active Flexion) score was used to grade results prior to any secondary surgery such as tenolysis (Table 3) . TAF is synonymous with total arc of motion (TAM).
The 2 groups were comparable with respect to age, sex ratio, fracture site, and etiology ( Figs. 9 and 10 ). Fracture type in the groups differed, the Martin group having 5 compound and 8 intra-articular fractures, as opposed to 12 compound fractures and 1 intra-articular fracture in the Leibinger group (Fig. 9 ). However, the presence or absence of compounding or an intra-articular element appears to have had little influence on the final outcome in both groups.
In the Martin group, there were 8 excellent, 7 good, and 2 poor results. In these last 2 patients, tenolysis and simultaneous plate removal was carried out, with modest improvement in ROM. The actual ASSH scores in these 2 patients, however, did not change and remained poor. Two patients (with 3 fractures) in this group were lost to follow-up. In the Leibinger group, there were 9 excellent, 9 good, and 2 poor results, with all patients being available for follow-up. Again, tenolysis was offered to the patients with poor results and declined.
In both groups, the incidence of complications other than stiffness has been low. In the Martin group, 1 patient with a difficult proximal phalangeal shaft fracture had a poor ASSH score despite tenolysis and also developed scissoring, for which he refused further surgery. In the Leibinger group, 1 patient developed late local sepsis, necessitating plate removal, but went on to an excellent flexion score. There were no incidences of tendon rupture, nonunion, osteomyelitis, or plate breakage.
Plate removal was performed in 3 patients, 2 in the Martin group as part of tenolysis and 1 case in the Leibinger group due to infection. The plates were approached through the previous incision, and removal was found to be straightforward.
The final TAM was analyzed with SPSS (Statistical Package for Social Sciences) using Student t test for equality of means (standard deviation: Martin 48.84, Leibinger 45.14; P ϭ 0.68). There was no difference between the 2 groups.
Both operators felt comfortable with the handling characteristics of the new system and felt the ability to interchange screw sizes was a definite advantage in some cases. Both operators and scrub nurses felt the sleeveless screwdriver reduced operating time, although this was only a subjective opinion. Being a trial system, the Martin set was more limited in the range of available plate configurations, and a better range of precontoured plates is now being produced by the manufacturer.
DISCUSSION
Many good miniature internal-fixation systems for small bones of the hand are now available. Choosing between them can be difficult and involves factors such as surgeon preference, cost, and availability of replaceable items. To the surgeon, speed, ease of handling, and flexibility of use in varied fracture configurations are important. Other considerations include rates of implant failure and the need to reoperate for removal of hardware.
Plating systems dedicated to small bones of the hand have steadily improved since the first stainless-steel plates introduced by the AO/ASIF group in 1964. 1 Despite the high incidence of plate-related complications, especially for phalangeal and open fractures, 2 good to excellent final ROM can be achieved. 3 Although subsequent published series are sometimes contradictory, a trend toward better outcomes is apparent, which in part appears related to better instrumentation. 4 -9 Miniature titanium-based fixation systems now available are an offshoot of craniomaxillofacial plating systems redesigned for use in small tubular bones of the hand. Low-profile, often precontoured, titanium plates interfere less with tendon glide, 10 while small self-tapping screws aid considerably in their placement. However, plate fixation for small bone fractures of the hand is still technically demanding, and design improvements that reduce operative time without compromising the result are attractive. In our experience, the time spent in searching for the right diameter of screw and mounting it securely to a sleeved screwdriver can sometimes be a source of frustration.
We were interested to find that the new Martin Osteosynthesis system introduces certain design improvements, which address the following issues:
1. Slippage of screws from the screwdriver is reduced since the screwdriver tip engages securely into a square slot in the screw head ( Fig. 1) . Further, the absence of a sleeve improves the operative view as there is no need to retract the sleeve during final screw tightening (Fig. 2 ). 2. The fact that any screw will fit any plate is advantageous.
Once the surgeon has decided on the optimum plate for osteosynthesis, any screw size can be chosen for the size of fracture fragment encountered. The smallest-diameter screws can be used to recruit small butterfly fragments or bone grafts into the fixation. 3. The relatively larger diameter of the screw head prevents its sinking into soft bone during lag-screw technique (we used the Martin set purely for lag-screwing on 7 occasions; as the purpose of this study was to assess plate outcomes, these cases were excluded). The larger head diameter is not associated with a corresponding increase in head profile, and the lower profile will hopefully reduce the need to remove implants while decreasing the chances of screw-head breakage during late removal.
The optimal plate-thickness for use in different-sized small tubular bones has not yet been determined. 11 The Leibinger System offers miniplates (Ͼ1 mm profile thickness) for metacarpals and microplates (Ͻ1 mm profile thickness) for phalanges, although the guidelines remain somewhat arbitrary and overlapping. No system has used 0.6-mm-thick plates for both metacarpals and phalanges. It is known that phalangeal fractures are subject to both dorsal and volarly deforming forces, while metacarpal fractures face almost exclusively dorsally deforming forces. 12 Biomechanical studies in vitro have shown that although dorsal miniplates are stronger than dorsal microplates, the latter may suffice functionally. As concluded by , 13 "No study to date has reported the necessary physiological stiffness of the boneplate construct for optimal healed function of the musculotendinous unit. The final decision regarding implantation of these devices must rest on studies that evaluate the ultimate outcome of clinical applications."
Puckett et al 14 pointed out that although the rigidity of microplates to torsion forces is not absolute, the longitudinal rigidity obtained suffices for most practical circumstances. Our experience with 0.6-mm microplates in 11 metacarpal fractures has convinced us that these microplates can indeed safely be used for metacarpals. Fracture compression is not possible with very thin plates but does not appear essential for the acute management of fractures involving metacarpals and phalanges. 10, 14 Plate prominence can be an issue in the hand; we feel 0.6 mm is a reasonable profile height, and we were able to close the periosteum over the device in most, but not all, cases. We have not used plates in distal phalangeal fractures, preferring K-wire fixation for unstable basal or midshaft fractures of the terminal phalanx. Complications such as malunion and tendon rupture were not seen with either system. Rotational malunion was encountered in 1 patient (Martin group) with a comminuted fracture of the proximal phalanx of the little finger. One plate (Leibinger group) got infected and required removal, without progressing to frank osteomyelitis, and ultimately achieved an excellent ASSH score (TAM 230°).
In conclusion, the redesigned Martin plating system features simplicity which aids internal fixation in the hand skeleton, and therefore we feel it is a useful addition to the armamentarium of the hand surgeon. There was no associated increase in complication rates, and the system was subjectively easier to use, mainly because of the press-fit mechanism of screwdriver to screws.
